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Description 

This invention relates to microelectronic device 
manufacturing methods and- more particularly to meth- 
ods of forming electrical and mechanical connections for s 
a microelectronic substrate, and the connections so 
formed. 

High performance microelectronic devices often 
use solder balls or solder bumps for electrical intercon- 
nection to other microelectronic devices. For example, io 
a very large scale integration (VLSI) chip may be elec- 
trically connected to a circuit board or other next level 
packaging substrate using solder balls or solder bumps. 
This connection technology is also referred to as 'Con- 
trolled Collapse Chip Connection - C4° or "flip-chip" is 
technology, and will be referred to herein as "solder' 
bumps". 

In the original solder bump technology developed 
by IBM, the solder bumps are formed by evaporation 
through openings in a shadow mask which is clamped 20 
to an integrated circuit wafer. Solder bump technology • 
based on an electroplating process has also been ac- 
tively pursued, as, for example, described in Edward K. 
Yung & Iwona Turlik, "Electroplated Solder Joints For 
Flip-Chip Applications," IEEE Trans. Comp. Hybrids & 25 
Man. Tech., Vol. 14, No. 3, September 1991. Electro- 
plated solder bumps are typically used in integrated cir- 
cuit chips requiring a large number of connections. In 
the electroplating process, an "under-bump metallurgy" 
(UBM) is deposited on a microelectronic substrate hav- 30 
ing contact pads thereon, usually by evaporation or 
sputtering. A continuous under-bump metallurgy film is 
typically provided on the pads and on the substrate be- 
tween the pads, in order to allow current flow during sol- 
der plating. 35 
Alternatively, a plating base composed of a material that 
is not wettable by solder (e.g., chromium) may be de- 
posited across the contact pads and the substrate be- 
tween contact pads, with individual pads of under-bump 
metallurgy deposited on top of the chromium film over *o 
the contact pads. 

In order to define the sites for solder bump'formation 
over the contact pads, the sites of the solder bumps are 
photollthographicaliy patterned, by depositing a thick . 
layer of photoresist on the under-bump metallurgy and 45 
patterning the photoresist to expose the under-bump 
metallurgy over the contact pads. Solder pads are then 
formed on the exposed areas of the under-bump metal- 
lurgy, over the contact pads, by pattern electroplating. 
The plated solder accumulates in the cavities of the pho- so 
toresist, over the contact pads. Then, the under-bump 
metallurgy between the plated solder pads is etched, us- 
ing the solder as an etch mask, to break the electrical 
connection between the solder bumps. The photolitho- 
graphic patterning and under-bump metallurgy etching ss 
steps define the geometry of the under-bump metallurgy 
at the base of the solder bump, between the solder 
bump and the contact pad. Solder bump fabrication 



methods are described in our US-A-4,950,623; US-A- 
4,940,1 B1 to Juskey, Jr et al; and US-A-4,763 ( B29 to 
Sherry. 

Unfortunately, in fabricating solder bumps using the 
process described above, rt is difficult to preserve the 
base of the solder bump, at the contact pad. Preserva- 
tion of the base is important because the base of the 
solder bump is designed to seal the contact pad. The 
process described above often reduces the base, which 
exposes the underlying contact pad and leads to me- 
chanical and/or electrical failure. 

The base may be reduced due to at least two steps 
in the above described process. First, there is often an 
inherent distortion of the patterned thick film photoresist 
layer, and misalignment with respect to the contact pads 
lying thereunder. Typically, a dry thick film photoresist 
(such as du Pont RISTON® photoresist) or multiple 
coatings of liquid photoresist is used, in order to accu- 
mulate sufficient volume of plated solder. Thicknesses 
on the order of tens of microns (for example 50 microm- 
eters) are used. The thick film photoresist must be ac- 
curately patterned over the contact pads, without mis- 
alignment or distortion. 

Unfortunately, for dry film photoresist, distortion of 
the shape of bump sites may result from the relatively 
poor adhesion of the photoresist to the smooth under- 
bump metallurgy. Light scattering through the thick film 
photoresist and cover layer, and the imprecise nature of 
the thick film photoresist development process, also 
contribute to distortion of the photoresist mask pattern 
over the contact pads. For multiple-layer liquid photore- 
sist, factors such as hardening of photoresist due to long 
periods of baking, and edge bead build-up, may cause 
distortion in the photoresist mask pattern over the con- 
tact pads. Accordingly, the resultant solder bump often 
does not cover the entire contact pad. 

The second major factor which may reduce the sol- 
der bump base is undercutting during chemical etching 
of the under-bump metallurgy. In particular, as de- 
scribed above, the under-bump metallurgy is typically 
etched, between the solder bumps, in order to break the 
electrical connections therebetween. In order to insure 
that all of the unwanted under-bump metallurgy is re- 
moved, overetching typically needs to be practiced, be- 
cause etching frequently does not proceed uniformly 
across the substrate surface. However, this overetching 
typically undercuts the under-bump metallurgy between 
the solder bump and the contact pad, which reduces the 
solder bump base. Electrical and mechanical reliability 
of the solder bump connection is thereby degraded. 

It is therefore an object of the present invention "to 
provide an improved method of forming solder bumps 
for microelectronic device connections, and improved 
solder bumps formed thereby. 

It is another object of the present invention to pro- 
vide a method of preserving the base of solder bumbs 
during their formation. 

It is yet another object of the present invention to 
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reduce undercutting of the solder bump base during for- 
mation. 

It is still another object of the present invention to 
reduce misalignment between the solder bump and the 
underlying contact pad. 

According to the present invention, there is provid- 
ed a method as claimed in claim 1 , and a device as 
claimed in claim 15. 

The solder pgds are reflowed or melted prior to 
etching the under-bump metallurgy between the solder 
pads. An intermetallic layer of the under-bump metallur- 
gy and the solder is thus formed between the solder 
bump and the contact pad, at the base of the solder 
bump, prior to etching the under-bump metallurgy. Ac- 
cordingly, at least part of the under-bump metallurgy lay- 
er between the solder bump and contact pad is convert- 
ed to an intermetallic of the solder and the under-bump 
metallurgy, prior to etching the under-bump metallurgy. 
Preferably, when the under-bump metallurgy includes a 
top layer of copper, and lead-tin solder is used, substan- 
tially all of the top copper, and lead-tin solder is used, 
substantially all of the top copper layer is converted to 
an intermetallic of copper and tin. 

The intermetallic layer is resistant to etchants which 
are used to etch the under-bump metallurgy. The under- 
bump metallurgy may therefore be removed between 
the contact pads, while preserving the intermetallic layer 
at the base of the solder bump. Accordingly, minimal un- 
dercutting of the solder bumps is produced so that the 
base size is preserved and the contact pads are not ex- 
posed. Electrical and mechanical reliability of the solder 
bump connection is thereby enhanced. 

The invention also reduces misalignment between 
the solder pads and its underlying contact pads, and tol- 
erates distortion in patterning the solder accumulation 
layer. In particular, a continuous under-bump metallurgy 
is formed on the contact pads and on the microelectronic 
substrate between the contact pads. Solder dams are 
then formed on the under-bump metallurgy between the 
contact pads such that the solder dams expose the un- 
der-bump metallurgy over the contact pads. The ex- 
posed under-bump metallurgy over the contact pads de- 
fine the location of the solder bump base. During reflow, 
the solder will retract or spread to these areas. 

The solder dams, also referred to as solder stops, 
are preferably formed from a thin film layer (on the order 
of 1 micrometer or less) such as a thin film of chromium 
(on the order of 1500A (1pm = 10* A) thick), which ad- 
heres well to the under-bump metallurgy. The solder 
dams are precisely aligned to the underlying contact 
pads using known integrated circuit photolithography. 
The solder dams are preferably patterned using a lift-off 
• technique, although other photolithographic techniques 
may be used to pattern the solder dams. 

Solder retaining walls are then formed on the solder 
dams. These walls, which may be formed of thick film 
(on the order of 50 micrometers) photoresist, need only 
accumulate solder volume. They need not be used for 



alignment purposes, because the solder dams provide 
precise alignment. Accordingly, misalignment and dis- 
tortion of the thick film solder retaining walls will not re- 
duce the base of the solder bump over the contact pads. 
s Solder pads are then electroplated onto the substrate 
over the contact pads, on the areas of the under-bump 
metallurgy which are exposed by the solder dams and 
solder retaining walls. The solder retaining walls may 
then be removed. 
io Then, prior to removing the under-bump metallurgy 
between the contact pads, the solder is reflowed (melt- 
ed) to form a solder bump having an intermetallic layer 
of the solder and the under-bump metallurgy at the base 
of the solder bump adjacent the contact pad. For exam- 
*5 pie, when the topmost component of the under-bump 
metallurgy is copper and conventional leadAin solder is 
used, a copperAin intermetallic is typically formed. Dur- 
ing reflow, the solder dams prevent lateral spread and 
bridging of the solder, and control the size of the bump 
20 base. 

The solder dams and under-bump metallurgy are 
then etched to isolate the solder bumps, using at least 
one etchant which etches the intermetallic layer more 
slowly than the solder bumps and under-bump metallur- 
25 gy. Since the intermetallic has been formed at the base 
of the solder bumps, the bumps are relatively unaffected 
by the etchant. In particular, a mixture of ammonium hy- 
droxide with trace amounts of hydrogen peroxide may 
be used to etch copper, and a hydrochloric acid based 
30 etchant may be used to etch chromium. Neither of these ' 
etchants is effective against the copper/tin intermetallic. 

The base of the solder bumps formed according to 
the present invention is not reduced by under-bump 
metallurgy etching or solder pad misalignment/distor- 
ts tion. By preserving the base geometry, mechanical and 
electrical reliability is enhanced. 

Moreover, it has been found that there is a lateral 
reaction between the solder pad and the under-bump 
metallurgy during the reflow step of the present inven- 
40 tion. Accordingly, the intermetallic layer formed at the 
base of each solder bump extends beyond the bump to 
form a lip around the base of the solder bump. This lip 
provides extra protection for the edge of the solder bump 
and the edge of the contact pad underneath the solder 
& bump. Accordingly, the invention produces a new profile 
of solder bump, which improves mechanical and elec- 
trical reliability. 

Reference will now be made to the accompanying 
drawings, in which:- 

so 

Figures 1 -5 illustrate cross-sectional views of a mi- 
croelectronic substrate during fabrication of solder 
bumps thereon according to the present invention; 
and 

55 Figure 6 is a scanning electron microscope photo- 
graph of a solder bump formed according to the 
present invention. 
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The present invention now will be described more 
fully hereinafter with reference to the accompanying 
drawings, in which a preferred embodiment of the inven- 
tion is shown. This invention may, however, be embod- 
ied in many different forms and should not be construed 
as limited to the embodiment set forth herein; rather, this 
embodiment is provided so that this disclosure will be 
thorough and complete,. and will fully convey the scope 
of the invention to those skilled in the art. Like numbers 
refer to like elements throughout. 

Referring now to Figure 1 , there is illustrated a mi- 
croelectronic substrate 10 having a plurality of contact 
pads 12 thereon. It will be understood by those having, 
skill in the art that microelectronic substrate 10 may be 
an integrated circuit chip, a circuit board or microelec- 
tronic package substrate, or any other substrate which 
requires electrical and mechanical connection. Contact 
pads 12 are formed on substrate 10 using well known 
techniques which need not be described herein. The 
contact pads are typically aluminium for integrated. cir- 
cuit chips, although other metals and metal composites 
may also be used for integrated circuit chips and other 
substrates. 

As also shown in Figure 1, a passivating dielectric 
14 is formed on the substrate 10 and patterned to ex- 
pose the contact pads 12, using conventional plasma or 
reactive ion etching or other well known patterning tech- 
niques. A continuous under-bump metallurgy 16 is then 
formed on the substrate over the contact pads 12 and 
between the contact pads 12. As is well known to those 
having skill in the art, the under-bump metallurgy 16 typ- 
ically contains a (bottom) chromium layer (about 1000A 
thick) adjacent substrate 10 and pads 12, which func- 
tions as an adhesion layer and diffusion barrier for the 
under-bump metallurgy. A top copper layer (about 1 mi- 
crometer thick) is typically provided to act as a soldera- 
ble metal, and a phased chromium/copper layer (about 
1000A thick) is formed between the chromium and cop- 
per layers. The under-bump metallurgy may be formed 
by conventional thin film deposition techniques such as 
evaporation or sputtering, and need not be described 
further herein. 

Referring now to Figure 2, a solder dam or solder 
stop layer 18 is formed on the under-bump metallurgy 
layer 1 6 between the contact pads 1 0, exposing the un- 
der-bump metallurgy layer over the pads 1 2. Solder dam 
layer 1 8 is preferably a thin film, which does not wet with 
solder. Chromium or titanium solder dams on the order 
of 1500A thick, may be used. Solder dam layer 18 is 
preferably formed by depositing a continuous solder 
dam layer 18 and patterning using liftoff or etch tech- 
niques. The thin film may be patterned with reduced mis- 
alignment and distortion, compared tothick film photore- 
sist, by using integrated circuit photolithography, be- 
cause of reduced light scattering, better adhesion and 
more precise developing. Improved alignment between 
the gaps in solder dam layer 1 8 where the solder bumps 
will be anchored, and the connector pads 1 2 thereunder, 



may be obtained by using a lift-off technique to remove 
the solder dam layer over pads 12. 

Referring now to Figure 3, solder retaining walls 28 
are formed on solder dams 18. These wails may be 
5 formed of thick film photoresist. Since the solder retain- 
ing walls are used to accumulate solder volume, and 
need not be used for alignment relative to contact pads 
12, their imprecise alignment and distorted shape will 
not reduce the base of the solder bumps. 
10 still referring to Figure 3, solder pads 20 are then 
formed on substrate 10, typically by electroplating. Vol- 
ume is acquired by filling the spaces between the solder 
retaining walls 28 during plating. The solder pads 20 
may be confined within the gaps in the solder dam layer 
75 18 or may be allowed to extend over the solder dams, 
as is illustrated in Figure 3. The solder retaining walls 
28 may then be removed. 

Referring now to Figure 4, solder pads 20 are re- 
flowed prior to removing the under-bump metallurgy lay- 
20 er16 between the contact pads 12, to form an interme- 
tallic layer 22 at the base of each solder bump 24. When 
the topmost component of the ungler-bump metallurgy 
layer is copper (about 1 micrometer thick) and conven- 
tional lead-tin solder (5 weight percent tin) is used, the 
25 jntermetallic 22 which forms is Cu3Sn. It will be under- 
stood by those having skill in the art that a thin layer of 
the under-bump metallurgy 16, typically the bottom 
chromium layer and the phased chromium-copper layer 
(not shown in Figure 4) may remain on contact pad 12 
30 between the intermetallic layer 22 and contact pad 12. 
In order to ensure almost complete conversion of 
the copper in the top layer of the under-bump metallurgy 
to the copperAin intermetallic, reflow preferably takes 
place for 1 -2 minutes above the melting point of the sol- 
as der. The unconverted copper in the phased chromium- 
copper region prevents detachment of the solder bumps 
from the chromium adhesion layer, and thereby enhanc- 
es structural integrity. During reflow, solder dams 18 pre- 
vent lateral spread and bridging of the solder and there- 
to by control the size of the solder bump base. Reflow may 
be performed in air or in an inert ambient such as nitro- 
gen, typically with flux applied, or in a reducing ambient 
such as hydrogen, without flux. As is well known to those 
having skill in the art, flux residues, if present, should be 
45 cleaned prior to etching the solder dam 1 8 and the un- 
der-bump metallurgy 16. 

As also shown in Figure 4, there is a lateral reaction 
between the solder 20 and the under-bump metallurgy 
16 during reflow. Accordingly, the intermetallic layer 
so formed underneath each bump includes a lip or ridge 26 
which typically extends several micrometers from the 
bump. This lip or ridge may be used to identify solder 
bumps formed according to the present invention, be- 
cause lateral reaction with the under-bump metallurgy 
55 cannot take place if all under-bump metallurgy between 
the contact pads is removed prior to reflow. This lip or 
ridge 26 also provides an added degree of protection for 
the base of the solder bump. An improved performance 
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solder bump is thereby provided. 

Referring now to Figure 5, the solder dam 18 and 
the under-bump metallurgy 16 between the contact 
pads 12 are removed, while preserving the base of the 
reflowed solder bumps 24. Since the top copper layer s 
of the under-bump metallurgy between solder bump 24 
and contact pad 12 has been converted into an interme- 
tallic layer, the solder dams and the remaining under- 
bump metallurgy between contact pads 12 may be re- 
moved, without substantially removing the intermetallic. io 
An etchantw etchants are used which etch the interme- 
tallic 22 much more slowly than solder dam 18 and un- 
der-bump metallurgy 1 6. Preferably, the etchants do not 
etch the under-bump metallurgy 16 while removing sol- 
der dams 18 and intermetallic 22. is 

For example, for chromium solder dams 18, a hy- 
drochloric acid based etchant such as Transene 
CRE473 is an effective etchant, and a mixture of ammo- 
nium hydroxide and a trace amount of hydrogen perox- 
ide is an effective copper etchant. Contact to the metal 20 
surface in the substrate with a zinc rod may be required 
to initiate etching of chromium. When titanium is used 
as a solder dam, a mixture of ammonium hydroxide and 
hydrogen peroxide (typically higher peroxide concentra- 
tions than in the copper etchant) is effective. Multiple 25 
etch cycles may be needed to remove the phased chro- 
mium copper layer and the bottom chromium layer. Nei- 
ther of these etchants is effective against the copper/tin 
intermetallic and neither of these etchants attacks sol- 
der to a detectable extent. It will be understood by those 30 
having skill in the art that during copper etching, the de- 
vice may be left in the etchant for as long as necessary 
to completely remove the copper between the bumps. 
It will also be understood by those having skill in the art 
that other etchants may be used, and other removal 35 
processes may be used. 

Accordingly, an improved solder bump fabrication 
process is provided. Imperfections in photolithographic 
processing of thickfilm photoresists also do not degrade 
alignment. Moreover, undercutting of the solder bump 40 
base during under-bump metallurgy etching is substan- 
tially reduced or eliminated. The base geometry of the 
solder bump is therefore preserved. In fact, the process 
preferably forms a lip at the base of the solder bump to 
further protect the solder bump, and enhance electrical *s 
and mechanical reliability. Figure 6 is a scanning elec- 
tron microscope photograph of a solder bump formed 
according to the present invention, illustrating solder 
bump 24, lip 26 and substrate 10. 

It will be understood by those having skill in the art so 
that reduced bump base undercutting may be obtained 
with the present invention, independent of misalign- 
ment/distortion reduction, by reflowing the solder prior 
to removing the under-bump metallurgy between the 
contact pads. For example, in some microelectronic ss 
substrate designs, the designed bump base may be 
substantially larger than the contact pads, so that align- 
ment of the solder bump to the contact pads is relatively 



unimportant. Misalignment -or distortion of the solder 
bump relative to the contact pads may be tolerated. 

A simplified process which allows misalignment or 
distortion between the solder bump and the contact 
pads will now be described. The under-bump metallurgy 
may contain the same bottom chromium layer, phased 
chromium/copper layer and top copper layer described 
above. However, a second chromium layer is added on 
the top copper layer. Solder retaining walls madej for 
example, of thick film photoresist, are formed and pat- 
terned as described above. The patterned solder dam 
layer described above is not formed. 

The second chromium layer is then removed in the 
cavities between the solder retaining wails, and solder 
is plated as already described. After removing the solder 
retaining walls, the solder is reflowed to form an inter- 
metallic and protect the bump base as already de- 
scribed. The second chromium layer between the con- 
tact pads prevents the reflowed solder from bridging. 
The second chromium layer may be misaligned relative 
to the contact pads, but this misalignment may be rela- 
tively unimportant in view of the sybstrate design. The 
base of the solder bump is still protected during etching 
of the under-bump metallurgy by reflowing prior to re- 
moving the under-bump metallurgy between the contact 
pads. 

In the drawings and specification, there have been 
disclosed typical preferred embodiments of the inven- 
tion and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation, the scope of the invention being 
set forth in the following claims. 



Claims 

1 . A method of forming solder bumps (24) on a plural- 
ity of contact pads (12) on a substrate (10), com- 
prising the steps of: 

forming an under-bump metallurgy (16) on said 
contact pads (12) and on said substrate (10) 
between said contact pads (1 2); then 
forming thick film solder retaining walls (28) on 
said substrate (10) between said contact pads 
(12), said solder retaining walls (28) exposing 
said under-bump metallurgy (1 6) over said con- 
tact pads (12) then 

forming solder pads (20) over said contact pads 
(12), on the under-bump metallurgy (16) which 
is exposed by said solder retaining walls (28); 
then 

reflowing the solder pads (20) to form solder 
• bumps (24) having an intermetallic layer (22) of 
said under-bump metallurgy (1 6) extending ad- 
jacent to said contact pads (12); and then 
etching said under-bump metallurgy (16) be- 
tween said contact pads (1 2); the method being 
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9. The method of claim 1 wherein said solder(20); (24) 
comprises lead/tin solder, wherein said under- 
bump metallurgy (16) includes copper, and wherein 
said reflowing step comprises the step of reflowing 
s . the solder pads (20) to form solder bumps (24) hav- 
ing an intermetallic layer (22) of copper and tin. 



characterized by: 

adding the step of forming thin film solder dams 
(18) on said under-bump metallurgy (16) be- 
tween said contact pads (12) prior to the step 
of forming solder retaining walls, said solder 
dams (18) exposing said under-bump metallur- 
gy (16) over said contact pads (12) and said 
retaining walls (28) being formed on said solder 
dams (18); and 

replacing said etching step with the step of 
etching said solder dams (18) and said under- 
bump metallurgy (16) between said contact 
pads, with at least one etchant which etches 
■ said intermetallic layer (22) more slowly than 
said solder dams (18) and said under-bump 
metallurgy (16), to said solder bumps (24) ad- 
jacent said contact pads (12). 

2. The method of claim 1 wherein said forming an un- 
der-bump metallurgy step is preceded by the step 
of forming a passivating layer (14) on said sub- 
strate, between said contact pads. 

3. The method of claim 1 wherein said forming an un- 
der-bump metallurgy step comprises the step of 
forming an under-bump metallurgy (16) having a 
chromium layer adjacent said substrate (10) and 
said contact pads (12), an intermediate chromium/ 
copper phased layer on said chromium layer, and a 
copper layer on said chromium/copper layer. 

4. The method of claim 1 wherein said forming thin film 
solder dams step comprises the steps of: 

forming a thin film solder dam layer (1 8) on said 
substrate (10), between and over said contact 
pads (12); and 

removing said thin film solder dam layer (18) 
over said contact pads (12). 

5. The method of claim 4 wherein said removing step 
comprises the step of lifting-off said solder dam lay- 
er (18) over said contact pads (12). 

6. The method of claim 1 wherein said solder depos- 
. iting step comprises the step of plating solder (20) 

over said contact pads (12), on the under-bump 
metallurgy (16) which is exposed by said solder 
dams (18) and said solder retaining walls (28). 

7. The method of claim 1 wherein said reflowing step 
comprises the step of melting said solder pads (20). 

8. The method of claim 1 wherein said reflowing step 
further comprises the step of reflowing the solder 
pads (20) to form a lip (26) in said intermetallic layer 
(22). 



10. The method of claim 1 wherein said forming solder 
pads step comprises the step of plating solder (20) 

io on the under-bump metallurgy (16) on said contact 
pads (12). 

11. The method of claim 1 wherein said forming solder . 
pads step comprises the step of forming solder (20) 

is on the under-bump metallurgy (16) on said contact 
pads (12), while restricting formation of solder be- 
tween said contact pads (12). 

12. The method of claim 1 wherein said reflowing step 
20 further comprises the step of forming a lip (26) in 

said intermetallic layer (22) during reflow. 

13. The method of claim 11 wherein said forming solder 
pads step comprises the steps of: 

25 

forming solder retaining walls (28) on said un- 
der-bump metallurgy (16) between said contact 
pads (12), said solder retaining walls (28) ex- 
posing said under-bump metallurgy (16) over 
30 said contact pads (12); then 

forming solder (20) on the under-bump metal- 
lurgy over said contact pads (12), with said sol- 
der retaining walls (28) restricting formation of 
solder (20) between said contact pads (12). 

35 

14. The method of claim 3 wherein said forming an un- 
der-bump metallurgy step further comprises the 
step of forming a second chromium layer on said 
copper layer, and wherein said forming solder pads 

40 step comprises the steps of: 

forming solder retaining walls (28) on said un- 
der-bump metallurgy (1 6) between said contact 
pads (12), said solder retaining walls (28) ex- 
45 posing said under-bump metallurgy (16) over 

said contact pads (12); then 
removing said second chromium layer over 
said contact pads (12); and then 
forming solder (20) on said under-bump metal- 
50 lurgy (1 6) over said contact pads (1 2), with said 

solder retaining walls (28) restricting formation 
of solder (20) between said contact pads (12). 

15. An- interconnection system for a microelectronic 
55 substrate (10) comprising: 

a plurality of contact pads (12) on said sub- 
strate (10); 
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a spheroidal solder bump (24) on each of said 
contact pads (1 2) having a base on said contact 
pad (1 2); and 

a circular lip (26) on said spheroidal solder 
bump (24) at the base thereof, extending out- 5 
wardly from said solder bump (24) over the as- 
sociated contact pad (12), to thereby protect 
the contact pad.(12). 2. 

16. The interconnection system of claim 15 wherein io 
said spheroidal solder bump (24) is a spheroidal 
lead-tin solder bump and wherein said circular lip 
(26) is a copper/tin intermetallic circular lip. 

3. 

17. The interconnection system of claim 15 wherein is 
said circular lip (26) extends outwardly a few mi- 
crons from said solder bump (24). 



Patentanspruche 20 

1. Verfahren zum Ausbilden von Lothockern (24) auf 

einer Vielzahl von Kontaktflachen (12) auf einem 4. 
Substrat (10), das die Schritte umfaBt: 

25 

Ausbilden einer Metallurgie (1 6) unter den Hok- 
kern auf den Kontaktflachen (12) und auf dem 
Substrat (10) zwischen den Kontaktflachen 
(12), dann 

Ausbilden von Ruckhaltewanden (2B) fur das 30 
Lot aus dickem Film auf dem Substrat (10) zwi- 
" schen den Kontaktflachen (1 2), wobei Ruckhal- 
tewande (28) fur das Lot die Metallurgie (16) 
unter den Hockern Qber den Kontaktflachen 5. 
(12)freilegen, dann 35 
Ausbilden von Lotaufiagen (20) uber den Kon- 
taktflachen (12) auf der Metallurgie (16) unter 
den Hockern, die durch die Ruckhaltewande 
(28) fur das Lot f reigelegt ist, dann 6. 
Wiederverflussigen der Lotaufiagen (20), urn 40 
Lothocker (24) mit einer intermetallischen 
Schicht (22) aus der Metallurgie (16) unter dem 
Hocker auszubilden, die sich angrenzend an 
die Kontaktflachen (12) erstreckt, und dann 
Atzen der Metallurgie (16) unter den Hockern 45 
zwischen den Kontaktflachen (12), gekenn- 7. 
zeichnet durch: 

Hinzufugen des Schrittes des Ausbildens von 
Lotdammen (18) aus dunnem Film auf der Me- 
tallurgie (16) unter den Hockern zwischen den so & m 
Kontaktflachen (1 2) vor dem Schritt des Ausbil- 
dens von Ruckhaltewanden fur das Lot, wobei 
die Lotdamme (1B) die MetaHurgie (16) unter 
den Hockern uber den Kontaktflachen (1 2) f rei- 
legen und die Ruckhaltewande (28) aut den ss 
Lotdammen (18) ausgebildet werden, und 9. 
Ersetzen des Atzschritts durch den Schritt des 
Atzens der Lotdamme (18) und der Metallurgie 



(16) unter den Hockern zwischen derr Kontakt- 
flachen mit wenigstens einer Atzflussigkeit, die 
die intermetallische Schicht (22) langsamer als 
die Lotdamme (18) und die Metallurgie (1 6) un- 
ter den Hockern atzt, zu den an- die Kontaktfla- 
chen (12) angrenzenden Lothockern (24). 

Verfahren nach Anspruch 1, bei dem dem Schritt 
des Ausbildens einer Metallurgie unter den Hok- 
kem der Schritt des Ausbildens einer passivieren- 
den Schicht (14) auf dem Substrat zwischen den 
Kontaktflachen vorausgeht. 

Verfahren nach Anspruch 1 , bei dem der Schritt des 
Ausbildens einer Metallurgie unter den Hockern 
den Schritt des Ausbildens einer Metallurgie (16) 
unter den Hockern mit einer an das Substrat (10) 
und die Kontaktflachen (12) angrenzenden Chrom- 
schicht, einer abgestimmten Zwischenschicht aus 
Chrom/Kupfer .und einer Kupferschicht auf der 
Chrom/Kupfer-Schicht umfaBt. 

Verfahren nach Anspruch 1 , bei dem der Schritt des 
Ausbildens von Lotdammen aus dunnem Film die 
Schritte umfaBt: 

Ausbilden einer Schicht (18) fur die Lotdamme 
aus dunnem Film auf dem Substrat (10) zwi- 
schen und uber den Kontaktflachen (12) und 
Entfernen der Schicht (1B) fur die Lotdamme 
aus dunnem Film uber den Kontaktflachen 
(12). 

Verfahren nach Anspruch 4, bei dem der Schritt des 
Entfernens den Schritt des Abhebens der Schicht 
(1 8) f 0 r die Lotdamme uber den Kontaktflachen (1 2) 
umfaBt. 

Verfahren nach Anspruch 1, bei dem der Schritt 
zum Aufbringen des Lots den Schritt des Plattierens 
von Lot (20) uber den Kontaktflachen (12) auf die 
Metallurgie (16) unter den Hockern, die von den 
Lotdammen (18) und den Ruckhaltewanden (28) fur 
das Lot freigelegt ist. 

Verfahren nach Anspruch 1 , bei dem der Schritt des 
Wiederverflussigens den Schritt des Schmelzens 
der Lotaufiagen (20) umfaBt. 

Verfahren nach Anspruch 1 , bei dem der Schritt des 
Wiederverflussigens des weiteren den Schritt des 
Wiederverflussigens der Lotaufiagen (20) umfaBt, 
urn eine Lippe (26) in der intermetallischen Schicht 
(22) auszubilden. 

Verfahren nach Anspruch 1 , bei dem das Lot (20), 
(24) Biei/Zinn-Lot umfaBt, die Metallurgie (16) un- 
ter den Hockern Kupfer beinhaltet und der Schritt 



13 



EP 0 603 296 B1 



14 



des Wiederverflussigens den Schritt ties Wieder- 
verflussigens der Lotauflagen (20) umfaBt, urn Lot- 
hocker (24) mit einer intermetaJlischen Schicht (22) 
aus Kupfer und Zinn auszubiiden. 

5 

1 0. Verfahren nach Anspruch 1 , bei dem der Schritt des 
Ausbildens von Lotauflagen den Schritt des Plattie- 
rens von Lot (20) auf die Metallyrgie (1 6) unter den 
Hockern auf den Kontaktflachen (12) umfaBt. 

70 

11. Verfahren nach Anspruch 1, bei dem der Schritt des 
Ausbildens der Lotauflagen den Schritt des Ausbil- 
dens des Lots (20) auf der Metallurgie (16) unter 
den Hockern auf den Kontaktflachen (12) umfaBt, 
wahrend die Ausbildung von Lot zwischen den Kon- is 
taktfiachen (12) eingeschrankt ist. 

12. Verfahren nach Anspruch 1 , bei dem der Schritt des 
Wiederverflussigens des weiteren den Schritt des 
Ausbildens einer Lippe (26) in der intermetallischen 20 
Schicht (22) wahrend des Wiederverflussigens um- 
faBt. 

13. Verfahren nach Anspruch 11, bei dem der Schritt 
des Ausbildens der Lotauflagen die Schritte urn- 2s 
faBt: 

Ausbilden von Ruckhaltewanden (2B) fur das 
Lot auf der Metallurgie (16) unter den Hockern 
zwischen den Kontaktflachen (12), wobei die 30 
Ruckhaltewande (28) fur das Lot die Metallur- 
gie (16) unter den Hockern uber den Kontaktr 
flachen (12) freilegen, dann 
Ausbilden von Lot (20) auf der Metallurgie unter 
den Hockern uber den Kontaktflachen (1 2), wo- 35 
bei die Ruckhaltewande (2B) fur das Lot die 
Ausbildung von Lot (20) zwischen den Kontakt- 
flachen (12) einschrankt. 

14. Verfahren nach Anspruch 3, bei dem der Schritt des 40 
Ausbildens einer Metallurgie unter den Hockern 
des weiteren den Schritt des Ausbildens einer zwei- 

ten Chromschicht auf der Kupferschicht umfaBt und 
der Schritt zum Ausbilden der Lotauflagen die 
Schritte umfaBt: 45 

Ausbilden von Ruckhaltewanden (28) fur das 
Lot auf der Metallurgie (16) unter den Hockern 
zwischen den Kontaktflachen (12), wobei die 
Ruckhaltewande (28) fur das Lot die Metallur- so 
gie (16) unter den Hockern uber den Kontakt : 
flachen (12) freilegen, dann 
Entfernen der zweiten Chromschicht uber den 
Kontaktflachen (12) und dann 
Ausbilden von Lot (20) auf der Metallurgie (16) ss 
unter den Hockern uber den Kontaktflachen 
(12), wobei die Ruckhaltewande (28) fur das 
Lot die Ausbildung von Lot (20) zwischen den 



Kontaktflachen (12) einschranken. - 

15. Verbindungssystem fur ein Mikroelektroniksubstrat 
(10), welches umfaBt: 

eine Vieizahl von Kontaktflachen (12) auf dem 
Substrat(tO), 

einen spharoidischen Lothocker (24) auf jeder 
der Kontaktflachen (1 2) mit einer Basis auf der 
Kontaktflache (12) und 

eine kreisformige Lippe (26) auf dem spharoi- 
dischen Lothocker (24) an dessen Basis, die 
sich vom Lothocker (24) uber die zugehorige 
Kontaktflache (12) nach auBen erstreckt, urn 
dadurch die Kontaktflache (12) zu schutzen. 

1 6. Verbindungssystem nach Anspruch 1 5, bei dem der 
spharoidische Lothocker (24) ein spharoidischer 
Blei/Zinn-Lothocker ist und die kreisformige Lippe 
(26) eine intermetallische kreisformige Lippe aus 
Kupfer/Zinn ist. 

17. Verbindungssystem nach Anspruch 15, bei dem 
sich die kreisformige Lippe (26) vom Lothocker (24) 
einige Mikrometer nach auBen erstreckt. 



Revendications 

1. Procede de fabrication de perles de soudure (24) 
sur une pluralite de patins de contact (12) sur un 
substrat (10), comprenant les Stapes de : 

former une metallurgie sous la perle (16) sur 
lesdits patins de contact (12) et sur ledit subs- 
trat (10) entre lesdits patins de contact (12); 
puis 

former des parois de retenue de soudure k film 
epais (28) sur ledit substrat (10) entre lesdits 
patins de contact (1 0), lesdrtes parois de rete- 
nue de soudure (28) exposant ladite metallur- 
gie sous la perle (16) au-dessus desdrts patins 
de contact (12) ; puis 

former des patins de soudure (20) au-dessus 
desdits patins de contact (12), sur la metallur- 
gie sous la perle (16) qui est expose par lesdi- 
tes parois de retenue de soudure (2B) ; puis 
souder par fusion les patins de soudure (20) 
pour former des perles de soudure (24) ayant 
une couche intermetallique (22) de ladite me- 
tallurgie sous la perle (16) s'£tendant de ma- 
niere adjacente auxdits patins de contact (12) ; 
et ensuite 

decaper ladite metallurgie sous la perle (1 6) en- 
tre lesdits patins de contact (12) ; le procede 
etant caracterise par le fait : 
d'ajouter I'etape de former des barrages de 
soudure k film mince (1 8) sur ladite metallurgie 



15 



EP 0 603 296 B1 



16 



sous ia perle (1 6) entre lesdits patins de contact 
(12) avant Petape de former des parois de re- 
tenue de soudure, lesdits barrages de soudure 
(18) exposant ladlte metallurgie sous la perle 
(16) au-dessus desdits patins de contact (12), s 
■ et lesdites parois de retenue (28) etant form6es 
sur lesdits barrages de soudure (18) ; et 
de remplacer Iadite etape de decapage par 
I'etape de decapec lesdits barrages de soudure 
(18) et Iadite metallurgie sous la perle (16) en- io 
tre lesdits patins de contact, avec au moins un 
decapant qui decape Iadite couche intermetal- 
lique (22) plus ientement que les barrages de 
soudure (18) et Iadite metallurgie sous la perle 
(16), vers lesdites perles de soudure (24) adja- is 
centes auxdits patins de contact (1 2). 

Procede selon la revendication 1 , dans leque! Iadite 
etape de former une metallurgie sous ia perle est 
prec6d6e par I'etape de former une couche passi- 20 
vante (14) sur ledit substrat, entre lesdits patins de 
contact. 

Procede selon la revendication 1 , dans lequel Iadite 
etape de former une metallurgie sous la perle com- 25 
prend I'etape de former une metallurgie sous la per- 
le (1 6) ayant une couche de chrome adjacente audit 
substrat (10) et auxdits patins de contact (12), une 
couche en phase intermediate chrome/cuivre sur 
Iadite couche de chrome, et une couche de cuivre 30 
sur Iadite couche de chrome/cuivre. 

Procede selon ia revendication 1 , dans lequel Iadite 
etape de former des barrages de soudure k film 
mince comprend les etapes de : 35 

former une couche de barrage de soudure a 
film mince (18) sur ledit substrat (10), entre et 
au-dessus desdits patins de contact (12) ; et 
retirer Iadite couche de barrage de soudure k *o 
film mince (18) au-dessus desdits patins de 
contact (12). 

Procede selon la revendication 4, dans lequel Iadite 
etape de retirer comprend I'etape de soulever iadite 45 
couche de barrage de soudure (1 8) au-dessus des- 
dits patins de contact (12). 

Procede selon ia revendication 1 , dans lequel Iadite 
etape de deposer de la soudure comprend I'etape so 
de plaquer de la soudure (20) au-dessus desdits 
patins de contact sur la metallurgie sous la perle 
(16) qui est exposee par lesdits barrages de sou- 
dure (1B) et lesdites parois de soudure (28). 

as 

Procede selon la revendication 1 , dans lequel Iadite 
etape de souder par fusion comprend I'etape de fai- 
re fondre lesdits patins de soudure (20). 



8. Procede selon la revendication 1 , dans lequel-ladite 
etape de souder par fusion comprend en outre I'eta- 
pe de souder par fusion les patins de soudure (20) 
pour former une levre (26) dans Iadite couche inter- 
metallique (22). 

9. Procede selon ia revendication 1 , dans lequel Iadite 
soudure (20, 24) comprend une soudure plomb/ 
etain, dans lequel Iadite metallurgie sous la perle 
(16) comprend du cuivre et dans lequel Iadite etape 
de souder par fusion comprend I'etape de souder 
par fusion les patins de soudure (20) pour former 
des perles de soudure (24) ayant une couche inter- 
metallique (22) de cuivre et d'etain. 

1 0. Proc6de selon la revendication 1 , dans lequel Iadite 
etape de former les patins de soudure comprend 
I'etape de plaquer de la soudure (20) sur Iadite me- 
tallurgie sous la perle (16) sur lesdits patins de con- 
tact (12). 

11. Prpc6d6 selon la revendicatioal, dans lequel Iadite 
etape de former des patins de soudure comprend 
Petape de former une soudure (20) sur la metallur- 
gie sous ia perle (16) sur lesdits patins de contact 
(12), tout en empechant une formation de soudure 
entre lesdits patins de contact (12). 

1 2. Proc6de selon ia revendication 1 , dans lequel Iadite 
etape de souder par fusion comprend en outre Peta- 
pe de former une levre (26) dans Iadite couche in- 
termetallique (22) pendant le soudage par fusion. 

13. Proc6de selon la revendication 11, dans lequel Ia- 
dite etape de former des patins de soudure com- 
prend les etapes de : 

former des parois de retenue de soudure (2B) 
sur iadite metallurgie sous la perle (16) entre 
lesdits patins de contact (12), lesdites parois de 
retenue de soudure (2B) exposant Iadite metal- 
lurgie sous la perle (16) au-dessus desdits pa- 
tins de contact (12) ; puis 
former une soudure (20) sur la metallurgie sous 
la perle (16) au-dessus desdits patins de con- 
tact (12), avec lesdites parois de retenue de 
• soudure (2B) empechant la formation de sou- 
dure (20) entre lesdits patins de contact (12). 

14. Procede selon la revendication 3, dans lequel Iadite 
etape de former une metallurgie sous la perle com- 
prend en outre I'etape de former une seconde cou- 
che de chrome sur Iadite couche de cuivre ; et dans 
lequel ladlte etape de former des patins de soudure 
comprend les etapes de : 

former des parois de retenue de soudure (28) 
sur Iadite metallurgie sous la perle (16) entre 
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Jesdits patins de contact (12), lesdites parois de 
retenue de soudure (28) exposant ladite metal- 
lurgie sous ia perie (16) au-dessus desdits pa- 
tins de contact (12) ; puis 

retirer ladite seconde couche de chrome au- s 
dessus desdits patins de contact (12) ; et puis 
former une soudure (20) sur ladite metallurgie 
sous la perle (16) au-dessus desdits patins de 
contact (12), avec iesdites parois de retenue de 
soudure (28) ernpechant ia formation de sou- io 
dure (20) entre lesdits patins de contact (12). 

15. Systeme ^interconnexion pour un substrat micro§- 
lectronique (10) comprenant : 

75 

une plurality de patins de contact (12) sur ledrt 
substrat (10) ; 

une perle de soudure sphenoidale (24) sur cha- 
cun des patins de contact (12) ayant une base 
sur ledit patin de contact (12) ; et 20 
une levre circulaire (26) sur ladite perle de sou- 
dure sphenoidale (24) h sa base, s'6tendant 
vers I'exterieur k partir de ladite perle de sou- 
dure (24) au-dessus du patin de contact asso- 
cie (1 2), pour ainsi proteger le patin de contact 25 
(12). 

16. Systeme ^interconnexion selon la revendication 
15, dans lequel ladite perle de soudure spheroidale 
(24) est une perle de soudure spheroidale plomb/ 30 
etain, et dans lequel ladite levre circulaire (26) est 
une levre circulaire interm#tallique cuivre/etain. . 

17. Systeme. d'interconnexion selon la revendication 

15, dans lequel ladite levre circulaire (26) s'etend 35 
vers I'exterieur de quelques microns a partir de la- 
dite perle de soudure (24). 
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FIG. 1. 
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FIG. 4. 
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FIG. 6 



